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AERODYNAMIC CHARACTERISTICS OF WINGS WITH CAMBERED EXTERNAL-
AIRFOIL FLAPS, INCLUDING LATERAL CONTROL WITH -

A FULL-SPAN FLM?

BY ROBERT C. PLATT

SUMMARY

The resul.teof a wind-tunnel invextigaiicmof tlwIV. A.
0. A. %’3012, the N. A. 0. A. %0.21, and -tJwClark Y
airfoi.lk, each equipped with a cambered externda~oil
$ap, are prewnted in th~ report. The pwrpo8e of -tlw
research wa8 to deternnk the refutive merit of the variom
ahfoili in combinuiion with the cambered ji?ap and to
inveetigde th4 waeof tbfip m a combined l.aieral-con#rol
and high-lift device.

Each of the three airfoils m ttwted in combin.don
with a jlap having a chord 30 perwni of the main wing
chord. The airfoi? gioing the bed characteristic m
then tested in combination with a 30-peruwt-c @p. A
sattijact~$ap hinge-a.A I?.QcationWCM8electedfrom the
&a already obtai~d ati$nal force and Lz.tera.!-ixmtrol
te8t8 were ma& wiih the 20-perctmt-c jlap hinged at thti
point, In the lateral-control tests, thfip w & at the
c-inter line of the model 80 thut th sennkpan$aps could be
dejected as aiikrow with reqgect to each other. Thejlap
ww aLso cut & points one-hulf the 8emispan from each
tip, permitting We of g6 pert-mt of the span on each tip as
a combined aileron and jlup, the center 60 perceni of the
8pan being wed sotdy a8 a j?ap.

INTRODUCITON
o

The increasing benefit to be derived from high-lift
devks with improvement in airplane performance has
led to a consistent demand for research on methods of
obtaining highc!r maximum lift coefficients without
advemely affecting any major itams of performance,
stability, or control. Various experimental investiga-
tions of such devices as pilot planes, slots, and slotted
flaps have indicated that airfoils working in juxta-
position may benefit cmsiderably by mutual inter-
ference, especially if their relative setting may be
varied in such a way as to obtain the optimum inter-
ference for each desired characteristic. A funda-
mental investigation of th~foregoing concept (reference
1) has indicated that powtions of an auxiliary airfoil

near the leading or trailing edge of a main airfoil offer
possibilities of a considerable increase in maximum
lift coefficient without adverse effect on other desirable
characteristics. In general, users of &oh-lift devices
have tended to favor those near the wing trailing edge,
although the practice of placing a true airfoil in this
region to get high lift has been con.iined ahnost exclu-
sively to Junkers airplanes produced in Germany since
1925. Trailing-edge devices, however, have usually
caused the wings to sufler a loss of possible performance
through the necessity for lateral control, which hns
normally been provided by reducing the span of the
lift-increasing member to leave room for ailerons at the
wing tips. Several devices intended to compensate for
this deficiency, such as upper-surface, estermd, and
retractable ailerons, have been investigated but
apparently none has yet proved entirely satisfactory in
service. Commercial use of Junkers airplanes having
the tip portions of the external airfoil capable of
deflection as ailerons has shown the practicability
of an external-airfoil device combining the functions
of ailerons and flaps.

The tests described in the present report were made
at the request of the Bureau of Aeronautics, Navy
Department. They were intended to provide sufficient
information for the design of a full-scale wing em-
bodying the external-airfoil flap as a combined high-
lift and lateral control device to be tested in flight.
It was further desired to obtain an arrangement
sufficiently near the optimum to indicate the true
potentialities of this device as compared with others
already in use or under development.

Thus far, published results of tests of the externn,l-
airfoil type of flap (references 1, 2, 3, and 4) have been
more suitable as a guide to possible applications of the
deviee than for use in actual design calculations. Data
from a recent investigation of the I?owler fhbp (refer-
ence 5) have served as a useful guide in selecting a
desirable size and shnpe of airfoil section, and a
desirable I@e location for the flap, thus permitthqg
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considerable reduction in the research necessary for
approximate determination of the maximum cap~
bihtica of the device. On the basis of these data, flap
chords of 20 percent and 30 percent of the main wing
chord were selected as offering the greatest prcmjse
of a satisfactory ilap arrangement giving both high
lift and lateral control. Comparison of the data with
those of reference 1 indicaks that a cambered (Clark
Y) flap has characteristics more favorable to airplane
performance thfm one of symmetrical section. The
information on flap loads was judged adequate for the
design of the external-airfoil flap structure and controls.

In order to obtain an estimate of the effect of cross-
sectional shape and thickness of the main wing, three
basic sections were used in the present tests.. In addi-
tion to the Clark Y, two members of the N. A. C. A.
230 family of airfoils (reference 6), which may be
taken as representative of the bast airfoils now avail-
able for use in conventional airplanes, were selected
for testing. From the results obtained, it should be
possible to iind whether the benefits derived from
changing the crms section of a plain wing are equally
obtainable from the same change of section of a wing
with an external-airfoil flap.

MODELS

Wmgs.—Three mahogany wing models, each having
a span of 60 inches and a chord of 10 inches, were used
in the teds. The airfoil sectionE were the Clark Y,
the N. A. C. A. 23021, and the N. A. C. A. 23012, the
ordinates of which are subsequently given. (seeflga.
24, 25, and 26.) Set into the lower surface nem the
trailing edge of each model were seven metal strips
providing attachments for flap supports and dividing
the spm into six equal sections.

Plaps.-The two flaps used were made of duralumin
andwereshapedto the ClarkYproiile. Theyhadchords
of 2 inches (20 percent of wing chord) and 3 inches
and S@IIS of 60 inches. These flaps were hinged to
fittings attached to the metal strips in the wipg, a
series of fittings giving the desired variation of flap
position. The term “flap position” is used to desig-
nate the location of the flap hinge axis with respect to
the main ming. The hinge sxis was located at the
center of the lending-edge arc of the flap. Flap-angle
adjustment was provided by slotted quadrants at-
tached to the flap; the flap could be pivotid about
the hinge on the flap-support fittings or locked to
the fittings at the desired flap angle by means of set
screws through the slots in the quadrants.

TESTS

The teats were made in the N. A. C. A. 7- by 10-
foot wind tunnel at Langley Field. Standard force

testswere made on the following seriw of wing-flap
combinations:

1. Clark Y, N. A. C. A. 23012, and N. A. 0. A,
23021 wings without flaps.

2. Clark Y wing with 20-percen&c Clark Y flap.
3. N. A. C. A. 23012 wing with 20-percent-c Clark

Y flap.
4. N. A. C. A. 23021 wing with 20-percen&c Clark

Y flap.
5. N. A. C. A. 23012 wing with 30-percen&o Ulark

Y flap.
6. N. A. C. A. 23012 wing with 20-percent-c Clark

Y flap cut at the center of the span, each half being
deflected as ailerons (semispan ailerons).

7. N. A. C. A. 23012 wing with 20-percent-c Clark
Y flap cut at the midpoint of each semispan, one-
quarter of the span on each tip being deflected as
ailerons, the center half span deflected only as a flap
(sernispanflap, quarterspan ailerons).

The first five sets of tests in the series were made to
determine characteristics aifecting airplane perform-
ance. The mmrirnumlift coeflhient of each combina-
tion wcs obtained by taking data at a series of flap
positions below the wing trailing edge, at flap angles
of 20°, 30°, and 40Q, and in one case 60°. A range
of flap positions sufficient to detarmine the one giving
maximum lift of each wing-flap combination was
covered. The minimum drag coefficients were ob-
tained by taking data for a range of flap angles from
0° to – 8°, in 2° steps, at the same positions for
which maximum lift was detmmined.

The sixth and seventh sets of tests were intended
to provide data on which to base the selection of an
optimum arrangement of the external airfoils as flaps
and ailerons. For these tests, a new hinge-axis loca-
tion was selected and was not varied throughout the
tests. Lift, drag, and pitching-moment data were
taken at a serie9 of flap angles reprwenting neutrnl
settings from which the ailerons could be deflected,
Two types of aileron deflection-equal up-and-down
and a typical d.iflerential system-were inves@gated,
In addition to the regular lift, drag, and pitching-
moment measurement, rolling- and yawing-moment
data were obtained at a sut%cientnumber of aileron
Bettingsto determine the characteristics given by the
two types of deflection from several neutral flmp
and/or aileron settings. A few teats were made to
fid the effect of an end plate between the flnp and
quarterspnn ailerons. Hinge-moment data were ob-
tained by measuring the twist of a calibrated torque
rod required to balance the flap or aileron at the angle
in question. Figures 1 and 2 show the plnn and
profile arrangements and the hinge positions of the
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combinations listed as applied to the N. A. C. A.
23012 wing.

The N. A. C. A. 7-by 10-foot wind tunnel, together
with associated apparatus and standard force-test
procedure, is described in reference 7. All ~~ w~e
run at a dynamic pressure of 16.37 pounds per square
foot, corhxponding to a speed of 80 miles per hour in
standard air. The Reynolds Number of the tests,
based OD the 10-inch chord of the main airfoil, was
approximately 609,000.

PIZECISION

Thus fax, most of the rcmlts obtained in the 7- by
10-foot wind tunnel have been intended primarily for
comparison among themselves. For this reason no
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~ Flop ,
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2’” Combinations 2, S,4 &5

f+ k 30” ~ Combination 6 -

H Main’ wing
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kl ‘
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I I
‘ L-----3’o-
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Combination 7

Fxaum L—Flop andaileronmmbfnatbns.

corrections for consistent wind-tunnel errors have been
applied to results previously published. Since the
present tests involved a departure from the use of the
Clark Y section in standard testing in the 7- by 10-
foot tunnel, it was considered desirable to make as
complete correction for consistent errom as possible
in order that the results might be directly comparable
with other available airfoil data. The four major
source9 of consistent discrepancy in the tunnel, as cOm-
pmed with characteristics of full-scale airplane wings,
are jekboundary eilect, longitudimd static-pressure
gradient, turbulence, and scale. Other sources of
consistent error in wind-tunnel tests, such as model

deflectionunder air load, errors in measurement of tare
orces and support interference, and errors in velocity
measurement, appear to be of minor importance in
he 7- by 10-foot tunnel as compared with the four
najor sources of consistent errors previously men-
ioned.

The standard je~boundary corrections,

Aa=&S/C (?=x 57.3, degrew
AC~= & SIC C==

dmre S is the totalwingarea (Si+Sf), and C the
et crow-sectional area, were used in correcting the
wat resndte. The values of the correction factora
$.=6D= —0.166 are taken as most nearly representrt-
tive of the boundsg- effect in this tunnel. The static-
pssure gradient produces am additional downstream
tome on the model, corresponding to a ACDof 0.0015

i
230/2.—. —— .—. — . —.— .—

Combinofions 2,3,4 &Li
.9a. = 0.015C*
Od. -0.035-

I --&mao3cw ~c,ark ~

23012.—. ——-— .—. — .--— - : c–--- 169

L-l
Hin~; -O.llc,

Combinafiins 6 & 7
/

FIIWEE2—PrOflfmof Capandafkmnmmbfnatfons

on 12-percen&c thick rectangular airfoils of the size
tested, and ACD of 0.0029 on 21-percen&c thick air-
foils. These valuea were obtained in accordance with
the methods given in reference 8. No complei%
satisfactory corrections for scale and turbulence are
at present available, although unpublished data on
the turbulence existing in the tunnel indicate ita effect
on measured airfoil characteristics to be eirnall as
compared -with the other consistent errors. Refer-
ence 6 indicatea that the turbulence correction may,
in fact, be regarded as approximately equivalent to a
scale correction.

A conservative estimate is given in the following
table of the accidentd errors in the tests, obtained
principally from comparison of data taken at intervals
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over n period of several yesm using a durahunin W@
model:

do.lo”
c~&o.05

c raa.c.&0.008

CIJC.=0)+0.001
CD(C.=1)+0.004
G(CL=2) &O.008
CH& 0.0002
l?lap angle +0.25°
Flrtpposition + 0.0015cm

RESULTSAND DEWUSSION

Form of presentation of resuIts.-All kt results
have been reduced to standard nondimensional coef-
ficient form, bssed on the total area (plan area of
wing + plan area of fltLp). This convention is based
on the concept that the nominal wing area of an
airplane is the area used for normal cruising flight.

x, percenf chord

FIGURE 3.-C.mtonmshmfng variation of C- with nap WS3tion.LV- W’
Phln wingcL_-1.wl.

The coefficients are deiined as follows:
subscript u refers to the main airfoil
subscript r refem to the flap
c. =Lift/q (s.+s1)
(?. =Drag/g @m+S~)
C. =Pitching moment/g @m+S~) (Cw+cI)
c; =Rolling moment/q (S~+Sf) b.
C=’ =Yawing moment/g (Sw+Sf) 6.
C= =Flap or aileron binge moment/g (Sm+S~)

(Cw+cf)
Cl’=Control-stick hinge moment/q C.@W+S~)

(Cm+c,)
or CF= (8/25°) X (C./CJ, where 3 is the angular
deflection of the deron drive crank.

~r,flrLpdeflection, degrees.
6-, ~~ht aileron deflection, degrees.
~ti, left aileron deflection, degrees.

The sign conventions used for flap angle and hinge-
moment coefficient are the same as the staudard con-
ventions for angle of attack and pitching-moment
cdlicient, respectively. The flap angle is measured
between the wing and flap chord lima. It should be
noted that the rolling- and yawing-moment coef6-
cient5, Cl’ and C.’, refer to wind axea. The flap
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hinge-moment coef6cient C= is based on totnl wing
area and total chord (main wing plus flap) rather than
on flap area and chord so that the premnt results
may be directly eompmable wi(h published data on
stick force coefficients to which subsequent reference
is made.

In order that the fird lift and drag characteristics
of the selected wing-flap combination may be directly
comparable with similar plain airfoil data, the results
of the tests on the wing-flap combinations lmve been
corrected to an aspect ratio of 6. Since t,he coofE-
oients for the airfoil with a 20-percent-c flop are bused
on a span of 60 inches and a chord of 12 inches, the
test aspect ratio of the combination was 5, but this
discrepancy with the plain airfoil tests has been elimi-
nated from the Iinal lift and drag data.

The pitching-moment coefficients in the final airfoil
data are referred to the aerodynamic center, obout
which the value of Cmis sensibly constant throughout
the range from zero to mtium lift. In the case of
the airfoils with fhp deflected, however, tho pit&ing-
moment coefficients me referred to the aerodynamic
center for the flap neutral setting. This method
avoids the use of a vmying aerodynamic center for n
-W with a flap but, of course, the value of CmU.,0is
no longer constant in tie specified range with the
flap deflected from the ncutra,lsetting.

Determination of optimum flap arrangement,-The
purpose of the initial series of tests, comprising the
first five groups previously listed, was to find which
of several airfoil sections would give the best com-
bination with a cambered ~~ternal-airfoil flap. For
the selection, factors aileoting only airplane perfonn-
rmcewere used as criterioti.

Contoum showing the variation of each of several
airfoil characteristic with the location of the flap
hinge axis are plotted for the Clark Y wing with 0.20c
flap in figures 3 to 7, for the N. A. C. A. 23021 with
0.20c flap in figures 8 to 12, and for the N. A. C. A.
23012 with 0.20c and 0.30c flaps in figures 13 to 23,
inclusive. The value of any oharacteristio shown at
a certain point with respect to the wing trailing edge
was that obtained with the flap hinge axis located at
that point. The hinge axis was located at the center
of the lead@-edge arc on the flap. Airfoil chara&er-
istics comidored in this way am C&~a, CDm{~,~d a
speed-range index, cLmmicDm,n. The contours of
C&nuare conthed to constant flap angle, tbe data for
different flap angles being shown in different figures.
The flap angle for ll&liMUM CD WM tithbl +1° Of
—5° in all Casw. GJCDm,= b plotted ss ~d~

pendent of flap angle, the values of C&maand C~~,B
being selected at the optimum angle for each, at the
fhp position in question.

Complete aerodynamic characteristiea of the three
model airfoils without flaps are given in figures 24, 26,
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and 26. l?igure24 (a) shows data for a standard dural-
urnin Clark Y airfoil model used in checking tunnel
calibration and figure 24 (b) shows data for the wooden
Clark Y model actually used with the axkrnal-airfoil
flaps. The diilerence in charaderistica is ascribed to
the use of blocks inserted under a shee&metal upper
surface to form the rear portion of the wooden model,
which appears to have a smaller camber near the trail-
ing e~~e than the duralumin model. For comparison
with other airfoil data, those given in figure 24 (a) are
considered more representative of reauh%in the 7-by
lo-foot tunneL l?or estimation of the effect of adding
an external-airfoil flap to a Clark Y wing, the data of
figure 24 (b) should be used, since the same model was
used for the tests with the flaps. The foregoing dis-
crepancy in the plain Clark Y airfoils does not exist
in the case of the N. A. C. A. 23012 and N. A. C. A.
23021plain airfoil models Thesemodelswere shapedto
the correct proiiletithin the limits of accuracy normally
specified for models used in the 7- by lo-foot tumeL

Comparison of the contours of C._/C.=ti for the
different airfoils with .a 20-percenti flap indicatw that
the N. A. C. A. 23012 wing offem the greatest possible
improvement for the combinations tested. Some tests
in the full-scale and vmiabbdensity wind tunnels
(reference 6) ind.icaiwthat the N. A. C. A. 23012 airfoil
fdOnOhM a gr~ti o’~u fi~ tie ~~k Y in &e
normal full-scale rage of Reynolds Numbem, altho~ah
the revarse is true at the Reynolds Number of the
present teds. Some existing experimental evidence in-
dicates this scale-effect relation to apply with flaps on
tie airfoils, aswell as without. It seemsreasonable to
expect, therefore, that in the full-scale range the
N. A. C. A. 23012 with an extarmd flap has an even
.gceater advantage over the Clark Y with an external
flap than is indicated by the present tests. The
N. A. C. A. 23012 was therefore chosen as representa-
tive of the optimum airfoil for combination with an
axternal-airfoil flap. Of the other two airfoils tested,
the N. A. C. A. 23021 appeam the better. The prob-
ability of encountering excessive control forces led to
the selection of the 0.20c flap for use in combination
with the N. A. C. A. 23012 airfoil in the final series of
tests; an extansive investigation to reduce the flap
hinge moments to a minimum did not seem justbied at
the present stage of development.

Selection of optimum flap hinge axis.-since the
location of the hinge axis in the leading edge of the flap
is not practicable because of the large operating forces
required, it was necesmry to select a more suitable
hinge-axis location for lo-ivhinge moments before pro-
ceeding with the lateral control tests. Inasmuch as
the Fowler type of flap when extended shows charac-
teristicsvery amilarto those of the external-airfoil flap,
it was considered reasonable to base the selection of the
hinge-axis location on the flap-load data of reference 6.
The most forward position of the resultant-force vector

COM35TTEE FOR AIURONAIYIX!S

on the flap was taken as the optimum line on which to
locate the hinge with respect to the flap. The con-
toum in figures 13 to 17 were then used to detemnine
the most favorable position of the flap leading edge
with respect to the wing at each of several flap angles
over the desired range. From the foregoing infor-
mation, a compromise location of the hinge with
respect to both wing and flap was chosen, which waa
expected to give good over-all characteristic through-
out a range of flap angles from – 5° to 30°. The
profle of this arrangement, including hinge-axis posi-
tion, is that shown in figure 2 for combinations 6 and 7,

Aerodynamic characteristics of the wing-flap com-
bination with the flap at anglea of – 5°, 20°, rmd 30°,
using the selected hinge-axis location, are given in
figures 27, 28, and 29. These anglea were used as
neutral settings, from which the ailerons were deflected
to obtain rolling- and yawing-moment data. A test
of a neutral setting w-W the semispanflap at an angle of
30° and the quarterspan ailerons at 10° showed this
arrangement to have essentiallythe same lift and drag
characteristics as the arrangement with both flap and
ailerons set at 20°. Lift and drag data for a neutral
setting of flap angle 30° and aileron angle of 20° were
obtained by interpolation.

Results of lateral control tests,—Jn order to reduce
the number of tcsta required, it was assumed that the
rolling- and yawing-moment coefficients produced by
a given deflection of one aileron were independent of
the setting of the other aileron. Preliminmy tests
indicated the assumption to be suiliciently accurate to
satisfy the purpose of the present investigation. Rep-
resentative curves are shown in figure 30.

Results of several tests made to detmnine the effect
of an end plate between the flap and the quarterspan
ailerons are shown in figures 31 and 32 m rolling- and
yawing-moment coefficients of three aileron combina-
tions wi~ and without an end plate. As the end plate
apparently produced a negligible effect, it was elimi-
nated from further tests.

The lateral control tests of combination 6 (fig. 1)
with each aileron covering the wing semispan gave
the remdts shown in figures 33 and 34. l?igure 33
shows the rolling-moment coefficients produced by
various deflections of the left aileron, with the right
aileron at an angle of —6°. The rolling-moment
coefficient produced by any combined deflection may
then be found by the method used in the following
example: For a setting of right aileron at —20°, left
aileron at 20°, 0{ is equal’ to the algebraic difference
between C: for 6UE200, 6a- —5°, and (Y{ for
s~= —20°, ~~= —5°. Thing data for a=lOO from
figure 33:

cz’(6&520°, 8D= –6”) =0.0735
cz’(6&= —200, L$AE=—5”) = —0.0300
c; (6U=20”, 13*E= – 200) = 0.0735– (–0.0300)

=0.1035 ,
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Correapondingvalue9of ymving-moment coeilicient may
be obtained from figure 34, using tbe same method.

The tests of combination 7 (Q. 1), quartarspan
ailerons amd mmispan flap, gave the results shown
in figures 36 to 40. These figures show rolling- and
yawing-moment coefficients as a function of left
aileron angle (L$a) for three settings of the flap and
right aileron. Control given by any asmmed com-
bination may be computed as previously explained,
using the flap and right aileron setting most nearly
corresponding to the assumed arrangement.

Einge-moment coe5cients as a function of angular
deflection me ahown in figure 41 for a semispan flap
or aileron. The coefliciemkrefer to moments measured
cm ~n aileron having a span equal to one-half the
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the same deflection of the semispan aileron. From the
magnitudes of C= obtained on the flap with the finally
selected hinge position, it appears that the method of
selection employed wss conservative and that the hinge
axis might be located somewhat fmther back on the
flap without involving overbalance in any part of the
operating range.

Determination of optimum lateral control arrange-
ment.—A number of posible arrangements were com-
pared in selecting the final one recommended as a
promising high-lift and latmal control device. The
following combinations were investigated:

1. Semispsn ailerons, equal up-anddown deflection.
Neutral setting, 200.

kiiiiiiiiil
cr. l\ 24$
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8
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~wk of cMock, u (degrees) Lift coefficient C.

~IGUEE Z9.-The N. A. O. A. 250~ airfml wkh 0.21 c Olexk Y l&Jp. @30°.

wing span. The value of & for a setting 6-= –20°,
6&=200 is then the algebraic difference between C&
for &=200 and C= for 8A= –20°, at the angle of
attack in question, on the sernispan ailerons. When
computing the valuea of the control-force critarion
(OF) of the differential deflection deacriied later,
the values of Onfor each of the ailerons at its deflected
position must be obtained separately and be divided.by
the mechanicrd advantage of the differential linkage
at the deflected position of the aileron before they are
added to obtain the total O=. For a given deflection
of a quarterapan aileron, O= is equal to half that for

2. Quarterepan ailerons, equal up-anddown deflec-
tion. Neutral setting 20°, flap 20°.

3. Quarterspan ailerons, equsl up-and-down deflec-
tion. Neutmd setting 10°, flap 30°.

4. Quartmspan ailerom, equal up-and-down deflec-
tion, Neutral setting 20°, flap 30°.

5. Semispan ailerons, equal up-and-down deflection.
Neutral setting 30°.

6. %miaprm ailerons, differential deflection. Neu-
tral setting 20°.

7. Semispan ailerons, differential deflection. Neu-
tral setting 30°.
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8. Qumterspan ailerons, differential deflection. we criterions used in comparison, together with ap-
Neutral setting 30”, flap 300. propriate vsluea for the various combinations, appear

9. Quartempan ailerons, cliilerential deflection. in table I.
Neutral setting 200, flap 300. The tabulated item C{(CL -1.0, 1.7;& =40° d.iffer-

10. Qumtaapan ailerons, differential deflection. ence) is taken as a measure of the rolling-moment
Neutral setting 10°, flap 30°.
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11. Semispan ailerons, equal up-and-down deflec-
tion. Neutral setting –5°.

12. Semhpan ailerons, difkmentialdeflection. Neu-
tral setting –5°.

13. Quartempan ailerons, equal up-anddown defl&-
tion. Neutral setting –5°, flap –5°.

14. Quarterspan ailerom, di.flerential deflectiori.
Neutral setting –6°, flap –5°.
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reasonable deflection of the ailerons. The expremion
3*-40° diilerence .@@ms an equal up-and-down
setting of 20° from neutral and a diilerential setting
such that the angle between the ailerons is 40°.

The essential features of the differential linkage
me shown in figure 42. This linkage is designated
“ ~aenti~ no. 2” in reference 9. The computations
of CF were made in accordance with the system
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used in reference 9 and give comparable results. The
values of CF given compare directly the 1at8raI
stick foroes required to. give a certain value of the
rolling-moment coefficient & a certain lift ceeflioient
with the same lateral stick position.

The tabulated item C,’ is the yawing-moment
coefficient accompanying the rolling-moment oosfli-
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cient at each condition for which OF was computed.
me ymving moments were adverse in all cases, the
term “adverse” baing used to siguify a negative
yawing moment accompanying a positive rolling
moment, or vice versa.
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It appears at once from inspmtion of the table that
most of the differential aprangementaoanrmt be used
in the eenventional manner on account of the over-
balance encountered at high and even medium lift
coticients. From the usable arrangements, nos, 10
and 3 may be selected as the most promising Merd
oontrol devices, in the order named. They give w
large mwinmm available rolling moments as the best
other arrangements, excluding overbalance, and have
dm adverse yawing moments than any others which
have nearly as much rolling power. Of the two, no. 10
is emsidered better beoause of the ocmsiderably lower
operating forces required. The sole disndv@age of
these two arrangements consim%of their effect on tho
maximum lift coefficient, the maximum valuo being
1.80, as compared with the maximum obtainable value
of 1.98 for this type of flap.

Several features of the differential mvmgements
that become overbalanced indicate the desirability of
investigating them fnrther. No. 6, for example, gives
greatar rolling power than any other arrangement and
very smallvalues of CF, and no. 7 gives the full obtain-
able maximum lift coeflioient with apparently usable,
though not good, lateral control. If the overbalance
could be eliminated, both of these arrangement should
be of considerable interest.

The source of the overbalance lies in the tendency of
the aiIeronsto float at a krge negative angle from their
neutral setting (when the neutral setting is 20° or 30°
down). As an example of what occurs, it will be sem
that when the down-going aileron drive crank reaches
dead center, the aileron produces no restoring moment
at the stick and, if the up-going aileron has not yet
reached its floating angle, the system is overbalanced.

It appears that the application of sptings to make
each aileron float down from its normal floating posi-
tion, or the provision of a return spring in the operating
system, can be used to eliminate the overbalance.
Since the degree of overbakmce decreases with lift
coeilioient, it is evident that the maximum spring force
is required at the minimum air speed, and the controls
will tend to stiffen with increming air speed in a normal
manner. Proper selection of a spring can thus be
made to give almost zero stick forces at minimum
speed, and small stick forces throughout the flight
range.

Comparison of external-airfoil ailerons with ordinary
ailerons.-some calculated values of rolling-moment,
yawing-moment, and stick-force coefficients for small
and large deflections of external-airfoil and ordinary
ailerons are shown in the following table. Data for
semispan external-airfoil ailerons with the wing at lift
eeefficients of 1.0 and 1.7 were used, an equal up-
and-down deflection from a neutral setting of 20°
being assumed. Data for 15-pereent-c by 60-percont-
b/2 ordinary ailerons having an equal up-and-down
dsfleotion were obtained from referenoe 9. No ak
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tempt has been made to correct for diiTerences in
chord rtndspan of the two types of aileron, the com-
parison being made directly between the actual aims
and types tested.
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Comparison of the ordinary and external-airfoil
ailerons at a lift coefficient of 1.0 shows the ordinary
ailerons to be somewhat worse in respect to advers~
yawing moment per unit of rolling moment and
superior in respect to stick force required per unit of
rolling moment. At a lift coefficient of 1.7 the exter-
nal-airfoil ailerons are worse than the ordinary ailerons
at a lift coefficient of 1.0 in re9pect to adverse yawing
moments and are approximately equal in respect to
stick forces. In general, the external-airfoil ailerons
appear to be slightly inferior at values of lift coefficient
that would give comparable speeds near the minimum
obtainable ~th the types of &ing involved.

Application of results of full-span flap
Iateral-oontrol analysis,-The coordination

tests to
of tests

of a fW-span liftAncreasing device with lateral control
tests on semispm and quarterspan ailerons of the same
type has suggested a possible method of estimating
the control obtainable from similar use of other de-
vices. -The method contemplates the estimation of
rolling- and yawing-moment coefficients obtainable
with a given aileron deflection by multiplying the
values of ACLresulting from the same deflection of a
full-span lift-changing device by a constant that has
difTerentvalues according to the different amounts of
span over which the ailerons extend.

In accordance with the foregoing concept, reprwent-
ative data from the tests of the semispan ailerons
have been plotted in figures 43 and 44, and data from
the quartampan aileron tests in tigures 45 and 46,
~tist values of ACLand AC~ obtained from the lift
and drag teats with ailerons neutral and flap deflected.
It is apparent that a linear variation results in each
case, although the scattering of the yawing-moment
coefficient points indientes the possibility of a com-
paratively large error in estimating Cn’ in individual
cases. The variation may be expressed as

G’ =KACL

Cn’=K’ ACD

where ACLand AeD are tbe differences in lift and drag
coefficients of the full-span flaps produced by the
assumed angular deflection at the angle of attack in
question. Valuea of K and K’ are found to vary with
aileron span as shown in figure 47. No attampt has
been made to establish a sign convention, since the
sense of rolling and yawing moments resulting from
an increase of ‘lift or drag on a wing tip is perfectly
clear. All ymving-moment coefficients shown here are
adverse, resulting from the large drag increment
produced by the down-going rderon.

CONCLUSIONS

1. As regards aerodynamic characteristics, the
N. A. C. A. 23012 airfoil is superior to the Clark Y when
they are compared either as plain airfoils or as air-
foils equipped with external-airfoil flaps.

2. When external-airfoil flaps are added to the
N. A. C. A. 23012 and the N. A. C. A. 23021 airfoils,
the resulting improvement of the speed-range index
B greater for the N. A. C. A. 23021 than for the
N. A. C. A. 23012.

3. From an analysis of certain selected lateral con-
trol arrangements, it appears that usable lateral control
can be obtained from external airfoils when they are
deflected as full-span flaps, provided that the com-
paratively large valuw of adveme yawing moment per
unit rolling moment are acceptable.

719m-~1
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